This paper is concerned with the asymptotic behavior of solutions for a class of non-autonomous fractional FitzHugh-Nagumo equations deriven by additive white noise. We first provide some sufficient conditions for the existence and uniqueness of solutions, and then prove the existence and uniqueness of tempered pullback random attractors for the random dynamical system generated by the solutions of considered equations in an appropriate Hilbert space. The proof is based on the uniform estimates and the decomposition of dynamical system.
Introduction
In this paper, we investigate the random attractor of the non-autonomous stochastic fractional FitzHugh-Nagumo equations with additive white noise in bounded domains. Let ( ) 0,1 s ∈ , τ ∈ R and U be a smooth bounded domain of n R . We consider the following stochastic system in U:
( ) ( ) ( ) ( ) ( ) 
with initial conditions How to cite this paper: Guo, C.X., Chen, Y.J. and Guo ( ) ( ) ( ) ( ) 4 4 , ,
,
The FitzHugh-Nagumo system is a model for describing the signal transmission across axons in neurobiology, see [1] [2] [3] . The long term dynamics and inertial manifolds for the deterministic FitzHugh-Nagumo system have been extensively studied by many authors, see [4] [5] [6] . The existence of random attractor for the stochastic or lattice FitzHugh-Nagumo system has been investigated in [7] [8] [9] [10] . Recently, the fractional FitzHugh-Nagumo monodomain model is presented, the model consists of a coupled fractional nonlinear reaction-diffusion model and a system of ordinary differential equations. The stability and convergence are discussed using numerical method in [11] . To the best of our knowledge, there are some results on numerical calculation of deterministic fractional FitzHugh-Nagumo equation, but few results for theory study of stochastic fractional FitzHugh-Nagumo equation, especially for 1 0,
As far as the author is aware, the attractors of the fractional stochastic equations are not well studied, it seems that the only publications [12] [13] in this respect, where the authors researched the existence of random attractors for the fractional
In [14] [15], the authors discussed the asymptotic behavior of fractional reaction-diffusion equation with
In this paper, we explore the long time behavior of the solutions when the Equations (1)-(4) are perturbed by an additive white noise. There are several dif-Journal of Applied Mathematics and Physics ficulties in this paper. Firstly, since the FitzHugh-Nagumo equation is a coupling equations, thus the uniform estimates of solutions are slightly different from the reaction-diffusion equation [15] . On the other hand, comparing with [15] , we are concerned with the existence of random attractors of the fractional Fitz-Hugh-Nagumo equation on U driven by additive noise rather than multiplicative noise, so new difficulties arise from the estimates for some terms, especially the nonlinearity f. Finally, the lack of higher regularity of the solution v for the problem (2) which makes the difficulty to construct a compact attracting set of the random dynamical system. To achieve our goals, we must overcome these difficulties and establish the pullback asymptotic compactness of solutions in
We decompose the second component v into a sum of two parts to overcome the lack of higher regularity like dealing with the wave equation in [16] [17].
This paper is organized as follows. In Section 2, we recall some basic concepts and define a continuous random dynamical system based on the solutions of the stochastic fractional FitzHugh-Nagumo Equations (1)-(4) in
We derive some uniform estimates for solutions and prove the existence of a pullback random attractor by pullback asymptotic compactness of solutions in Section 3.
Cocycles of the Stochastic Fractional FitzHugh-Nagumo System
In this section, we first collect some well-known results from the theory of random attractors and non-autonomous random dynamical systems. For further details, readers are also referred to [18] , Ω  , the group :
. We usually write the norm of ( ) 2 n L R as ⋅ and the scalar product of ( ) 2 n L R as ( ) , ⋅ ⋅ . We also use X ⋅ to denote the norm of a Banach space X.
In the following, "property holds for a.e. ω ∈ Ω with respect to ( ) 
To describe the main results of this raper, we review some concepts of the fractional Laplace operator on the bounded domain U (see [22] for details).
Let  be the Schwartz space of rapidly decaying C ∞ functions on n R , then for 0 
is a Hilbert space with inner product given by
For convenience, we will also use the notation: [22] ).
Since the fractional operator ( ) s −∆ is non-local, we here interpret the boun- [23] and the references therein, we know such a interpretation is consistent with the non-local nature of the fractional operator.
Then, we give the essential assumptions and define a continuous random dynamical system for the stochastic fractional FitzHugh-Nagumo equations in H.
More precisely, we consider:
with initial conditions
and boundary conditions (14) Define ( ) ( ) ( ) ( )
is the unique stationary solution of the following stochastic equations ( )
In addition, assume that 
is a solution of (11)- (14) , introduce variables transformation:
By (11)- (14) and (15)
and boundary conditions (24) Recall that H and V are Hilbert space. Note that the definition of H is consistent with conditions (23) and (24), since ( ) ( ) ( )
from the standard arguments as in [24] that under conditions (1)- (7), problem (21)-(24) is well-posed in H. The unique solution defines two cocycles , :
. Both cocycles Φ and Φ are equivalent and so we will discuss only the cocycle Φ induced by Equations (21) 
Existence of Random Attractor
This section is devoted to uniform estimates of solutions for the problem (21)- (24) , which are useful for constructing random pullback absorbing sets. We begin with the uniform estimates of solutions in H. 
Proof. It follows from (21) and (22) that ( ) 
We now estimate each term on the right-hand side of (31). For the first term, by (5) and (6) we obtain ( ) 
where 1 2 , ψ ψ satisfies the assumed conditions. By the Young inequality, we have the following estimates on the remaining terms on the right-hand side of (31) ( ) ( ) We now estimates the first term on the right-hand side of (40). Due to For the remaining terms on the right-hand side of (40), we have , the solution u of problem (21) with 
For the nonlinear term in (47), by (6)-(8) we have 
For the last term on the left-hand side of (47), we obtain ( ) ( ) 
From (17)- (18) and Lemma 4.1, we immediately concludes the proof.☐ Note that Equation (22) has no any smoothing effect on the solutions. To overcome this difficulty, we must decompose the solution operator into two parts. Let 1 v and 2 v be the solution of the following problems, respectively, 
For the first term on the right-hand side of (61), we can get 
, , , , , Therefore, there exists ( ) 
